coefficients allows them to be ideal reporters for target analytes with low cost equipment or with 1 0 3 the naked eye (Alves et al., 2016) . GO is also a wonder material in recent years thanks to its 1 0 4 ability to quench fluorophore-labeled bio-recognition molecules, such as labelled antibodies, signal due to F rster resonance energy transfer (FRET) (Lu et al., 2015) . It also has been shown 1 0 7
to interact with a variety of biological molecules such as amino acids, peptides, proteins and 1 0 8 most importantly for this application ssDNA (Li et al., 2014 (Li et al., , 2012 . It has been shown that ssDNA has a special adsorption interaction with GO, forming a complex in which the pi-pi stacking thanks to the ssDNA aptamers bound to them. In contrast, double stranded DNA 1 1 2 or highly structure molecules of DNA do not show the formation of pi-pi interaction with GO, as 1 1 3 their complex-rigid structure prevents the pi-pi interaction from occurring with GO (Li et al., 1 1 4 2014). By tagging ssDNA aptamers, which are designed to detect target allergens, to AuNP it is 1 1 5 possible to create a colorimetric biosensor which can produce an output visible to the naked eye. Combining this with a simple paper based device, it allows an easy and fast quantifiable hydroxide (NaOH), Tween 20 and Whatman chromatography paper (cellulose, 15 cm x 100 m)
were purchased from Sigma-Aldrich Canada (Burlington, ON, Canada). Arachin (Ara h 1) and
tropomyosin (Pen a 1) were purchased from Indoor Biotechnologies. with the wax printer Colorqube 8580 (Xerox) and the hot plate (Sci Logex MS7-H550-S). The Incushaker mini (Southwest Science). Milli-Q water was used in all the experiments (0.055 Gold nanoparticles were prepared using Turkevich's method (Turkevich et al., 1951 nanoparticles have a SPR peak at 521 nm indicating a 15-nm diameter size which is in 
2.5.Aptamer functionalization and conjugation (AuNP-SA-M/P/S)
Lyophilized aptamers were centrifuged for a pulse and then resuspended in TE buffer (10
mM Tris, 0.1 mM EDTA, pH 7.5) as per the protocols provided by Integrated DNA
Technologies to 100 μ M. The aptamers were incubated at room temperature for 30 minutes and
vortexed. Afterwards, the aptamers were pulsed at 10,000 g for 2 seconds and aliquoted to be preserved at -20°C. Prior to be used, aptamers were diluted to 50 nM in 100 μ L of folding buffer
(1 mM MgCl 2 , 1x PBS) and denatured at 90°C for 5 minutes. They were let to cool down at removed by centrifugation for 15 minutes at 6000 rpm and 4°C. The pellet was resuspended in M/P/S were left for 16 hours to age at 4°C. 
2.6.Graphene oxide absorption of functionalized AuNP (AuNP-SA-M/P/S + GO)
One of the critical mechanisms is the absorption of ssDNA with the usage of GO after the total of 100 μ L of nanoparticles were mixed with 0.02 mg/mL graphene oxide of which is 1 7 7
extensively sonicated for 30 minutes before usage. hydrophobic channels using a glass slide to cover the paper system (Lee and Gomez, 2017). The solution. The folded paper system is now ready to direct and channel small volumes of the
supernatant to filter and display the testing results. 
2.8.Characterization and validation
The physical diameter of the nanoparticles was determined by analyzing TEM micrographs small structures up to 5 pixels. Then the image was adjusted using the threshold tool and the 1 9 2
particles' area was analyzed with a circularity above 0.3. samples in deionized water in the cuvettes and diluting as the count rate reach an approximate value of 400 kcps. Absorbance was measured using Cytation 5 or Cary 100 using a 96-well plate or cuvettes. A 1 9 7
10× dilution factor was used for all scans unless otherwise noted, all necessary graphs will show Cytation 5 and data was further processed as necessary. To demonstrate that the biomolecules were being attached to AuNP, TEM images and DLS The increase in absolute potential seen when AuNP-SA are further functionalized with the
aptamer shows a change in the surface morphology with a more negative molecule, which AuNP from 520 nm to 531 nm when covered with SA and to 536 nm when aged aptamers were localized environment affect these properties. As gold has a strong Surface Plasmon Resonance, 2 2 2 the shift of the peak can be directly correlated to a change in the localized refractive index.
3
Therefore, a shift in the spectral peak of gold can be a correspondence to a new molecule which SA and its electrostatic adoption onto the surface causes this change in the local refractive index,
which in turn causes the shift of the spectral absorbance (Pollitt et al., 2015) . The second shift is caused by the introduction of the biotinylated aptamers, which directly bind to the SA, leading to processed micrographs to ensure that the peak shift to 536 nm does not correspond to successful, creating stable and fully functional nanoparticles for the detection of allergens. graphene oxide, creating bridges between sheets, resulting in the complexes seen in Fig. 2D . As 2 3 7 explained previously, the pi-pi stacking interaction between the different layers of graphene in Fig. 2D further support this assessment of interaction between the nanoparticles. The proposed mechanism has several critical steps that can be changed to improve the 2 4 7
reliability, reproducibility and maximize the signal that is produced. The first study was 2 4 8 assessment of different nanoparticles synthesis methods to create various mean diameters.
4 9
Turkevich's method (Kimling et al., 2006) was finally chosen due to yielding consistent sizes As stated above, the simple and consistent Turkevich method provided a nanoparticle of correct working buffer became an important condition when conjugating our functionalized 2 5 7
AuNP; PBS was only used after ensuring AuNP had the critical concentration of SA thus making 2 5 8 the first conjugation in borate buffer non-saline mandatory (Geneviève et al., 2007) . This was with the use of a salting flocculation test (Geneviève et al., 2007) and the stability verified by the 2 6 4 SPR peak shift (Lim et al., 2012) . The monolayer production test and optimization data can be 2 6 5 seen in Fig. 3A and 3B, resulting in the optimum concentration to provide a monolayer of SA for
AuNP to be 50 μ g/mL of SA. To optimize the aptamer concentration, we first theoretically needed for the total coverage. To prove this estimation, a similar procedure to the SA and as seen in Fig 3C, 50 nM of biotinylated aptamers yielded to a stable shift in the spectra of aptamer needed is between 38 nM and 50 nM for complete and stable functionalization.
8 2
For the mechanism to properly detect their target allergen, GO concentration was also from the supernatant after 45-minute wait and a pulse centrifugation at 6000 rpm for 10 seconds. This optimization was done in accordance with minimizing the amount of GO needed as it is also 2 8 6 capable of interacting with SA, which could cause a similar reduction of fully functionalized Therefore, to limit the loss of the colorimetric signal we optimized to use as little GO as needed.
8 9
This was done because ssDNA such as aptamers, when unstructured, are much more sensitive
